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1. INTRODUCTION {#dom13537-sec-0005}
===============

Low‐density lipoprotein cholesterol (LDL‐C) is the primary lipid target for prevention of cardiovascular disease (CVD) in patients with diabetes.[1](#dom13537-bib-0001){ref-type="ref"} Nevertheless, elevated triglyceride (TG) levels are common in diabetes, occurring in approximately 50% of all patients,[2](#dom13537-bib-0002){ref-type="ref"} and in up to 60% of those with LDL‐C levels below 100 mg/dL.[3](#dom13537-bib-0003){ref-type="ref"} Current guidelines from the American Diabetes Association (ADA) recommend medical therapy when TG levels are ≥500 mg/dL for prevention of pancreatitis, but *post‐hoc* analyses of clinical trials concerning LDL‐C lowering suggest that TG levels are associated with CVD and mortality, independent of other lipid fractions.[4](#dom13537-bib-0004){ref-type="ref"}, [5](#dom13537-bib-0005){ref-type="ref"}, [6](#dom13537-bib-0006){ref-type="ref"}, [7](#dom13537-bib-0007){ref-type="ref"}, [8](#dom13537-bib-0008){ref-type="ref"} Genetic studies also suggest a causal role of TG in the development and progression of atherosclerotic CVD.[9](#dom13537-bib-0009){ref-type="ref"} Thus, further reduction in CVD risk with agents that lower TG levels may be achievable.[10](#dom13537-bib-0010){ref-type="ref"} Indeed, there is evidence that even moderate TG elevation (200‐499 mg/dL) is associated with CVD risk among patients who have achieved LDL‐C control.[11](#dom13537-bib-0011){ref-type="ref"}, [12](#dom13537-bib-0012){ref-type="ref"}, [13](#dom13537-bib-0013){ref-type="ref"} However, real‐world evidence of the relationship between elevated TG levels and CVD among statin‐treated patients with diabetes who have succeeded in attaining LDL‐C control is lacking. Therefore, we conducted an observational longitudinal cohort study based on electronic health records (EHR) of patients with diabetes in an integrated delivery system who were at high risk of CVD events and had statin‐controlled LDL‐C. Our objective was to determine whether high TG in the presence of statin‐controlled LDL‐C influences CVD risk in real‐world clinical practice.

2. MATERIALS AND METHODS {#dom13537-sec-0006}
========================

Kaiser Permanente (KP) is an integrated delivery system that provides medical care to individuals in eight semi‐autonomous regions, including the Pacific Northwest (KPNW) and Southern California (KPSC) regions that were used for this study. Both organizations use an EPIC‐based electronic health record (EHR) of both inpatient and outpatient contacts. These data are combined with enrollment, laboratory and pharmacy information systems to develop a comprehensive dataset of all types of health care utilization that is standardized into a common data model.[14](#dom13537-bib-0014){ref-type="ref"} The KPNW Institutional Review Board (IRB) approved the study with a waiver of informed consent, and the KPSC\'s IRB ceded review to KPNW.

To provide real‐world context for the potential benefit of treating high TG levels in high‐risk patients whose LDL is well controlled with statin therapy, the sample for the current study was selected to mimic the inclusion and exclusion criteria of patients participating in the Reduction of Cardiovascular Events with EPA ‐ Intervention Trial (REDUCE‐IT). We identified all KPNW and KPSC patients 45 years of age and older with atherosclerotic CVD (ASCVD) or diabetes, with at least one other risk factor, with a TG level less than 500 mg/dL in 2010 while undergoing statin therapy but no other anti‐hyperlipidaemic therapy, and with LDL‐C values between 40 and 100 mg/dL (n = 170 590). We then selected all patients who had a diagnosis of diabetes (ICD‐9‐CM 250.x) in 2010 and a diagnosis of ASCVD (myocardial infarction (MI) \[410.x or 412\], ischemic stroke \[434.x\], acute coronary syndrome \[411.1\], or peripheral arterial disease (PAD) \[443.8x, 443.9x\]), or diagnosis of diabetes and age ≥ 50 and receiving an anti‐hyperglycemic agent with at least one of the following additional risk factors: cigarette smoking, hypertension diagnosis (401.x‐405.x) or blood pressure ≥ 140/90 mm Hg, high density lipoprotein cholesterol (HDL‐C) \> 40 mg/dL in men or \> 50 mg/dL in women, high‐sensitivity C reactive protein (hs‐CRP) \> 3.0, estimated glomerular filtration rate (eGFR) from 30‐59 mL/min/1.73 m^2^, urine albumin creatine ratio (UACR) ≥ 30 mg/g, or ≥ 55 years of age in men and ≥ 65 years of age in women, resulting in a sample size, before exclusions, of 65 496. We divided patients into a high TG group (200‐499 mg/dL; n = 11 797) and a normal TG group (\<150 mg/dL; n = 42 320). Because a point estimate of TG has a wide range of inherent variability, we excluded 11 339 patients with levels of 150‐199 mg/dL from further analysis to ensure that we created two analysis groups with distinctly different TG levels. Other exclusion criteria, again following REDUCE‐IT guidelines, were: AIDS/HIV (ICD‐9‐CM 042.x, 043.x, 044.x), malignant cancer (140.xx‐239.xx), end‐stage renal disease (585.6), planned surgery (defined for this study as any surgery within 6 months of the date of TG testing), and liver disease (diagnoses of cirrhosis or hepatitis, alanine aminotransferase \[ALT\] or aspartate aminotransferase \[AST\] \>3x upper limit of normal \[ULN\], bilirubin \>2x ULN), kidney dysfunction (albumin level \< 3.4 g/dL, blood urea nitrogen level \> 20 mg/dL, or a serum creatinine \>1.3 mg/dL in men or 1.1 mg/dL in women), or thyroid function abnormalities (thyroid stimulating hormone values \<0.4 mU/L or \> 4.2 mU/L with or without treatment). REDUCE‐IT guidelines excluded New York Heart Association (NYHA) Class IV heart failure only, but our data did not include a heart failure class; thus, we excluded all individuals with a diagnosis of heart failure (ICD‐9‐CM 428.x). These criteria resulted in the exclusion of 6255 patients from the high TG group and 19 909 from the normal TG group, giving final sample sizes of 5542 and 22 411 patients, respectively, in the high and normal TG groups. A consort diagram of sample selection is displayed in Supporting Information Figure [S1](#dom13537-supitem-0001){ref-type="supplementary-material"}.

2.1. Index date and follow‐up period {#dom13537-sec-0007}
------------------------------------

If multiple TG results were available in 2010, all must have been in the same TG group range, that is, \<150 mg/dL for the normal TG group and 200‐499 mg/dL for the high TG group. We used the first available TG level in 2010 as the index value and defined the baseline period, for baseline data collection, as 6 months before and 6 months after the index TG level. We defined the index date for beginning follow‐up as the date of the index TG level plus 182 days, to avoid immortal time bias that would result from including the 6‐month post index TG level as follow‐up time. The follow‐up period for each patient extended from the index date through December 2016 (maximum follow‐up period of 6.5 years) with censoring on 31 December 2016 or when a patient died or left the health plan.

2.2. Study outcomes and covariates {#dom13537-sec-0008}
----------------------------------

Our CVD outcomes of interest were non‐fatal MI, non‐fatal stroke, coronary revascularization or unstable angina based on events recorded in the inpatient or emergency room setting. We compared baseline demographics (age, sex, race/ethnicity), clinical characteristics (haemoglobin A1c \[A1C\], smoking status, body mass index \[BMI\], systolic and diastolic blood pressure, lipid fractions) and comorbidities (including MI, stroke, unstable angina and chronic kidney disease \[CKD\]) between the high and normal TG groups, using t‐tests for continuous variables and χ^2^ tests for dichotomous and categorical variables. We also compared the crude prevalence (number and proportion of each group with each outcome) that occurred any time during follow‐up using χ^2^ tests.

2.3. Statistical analyses {#dom13537-sec-0009}
-------------------------

We compared multivariable adjusted incidence rates and rate ratios of the outcomes between TG groups using generalized linear models with Poisson errors (log‐link), with follow‐up time as an offset variable to account for differential follow‐up. Based on univariate analyses of the association between covariates and outcomes, we adjusted the multivariable analyses for age, sex, race/ethnicity, low HDL‐C (\<40 mg/dL in men, \<50 mg/dL in women), smoking status, A1C, blood pressure, serum creatinine, presence of ischaemic heart disease and study site. We assessed the robustness of the reported rate ratios using the recently proposed E‐value, a measure of the minimum association that an unmeasured confounder must have with respect to both treatment and outcome to explain the significant associations.[15](#dom13537-bib-0015){ref-type="ref"} A large E‐value implies that a large amount of residual confounding would be needed to explain the effect estimate, and it is a sensitivity technique for observational data that has been used in recent studies.[16](#dom13537-bib-0016){ref-type="ref"}, [17](#dom13537-bib-0017){ref-type="ref"} All analyses were conducted using SAS version 9.4 (Cary, North Carolina).

3. RESULTS {#dom13537-sec-0010}
==========

Compared with patients in the normal TG group, patients in the high TG group were 1.5 years younger (63.8 vs 65.3 years; *P* \< 0.001), were more likely to be men (47.0% vs 44.5%; *P* \< 0.001) and of a white race (52.1% vs 38.3%; *P* \< 0.001) and were more likely to smoke (7.4% vs 5.3%; *P* \< 0.001) (Table [1](#dom13537-tbl-0001){ref-type="table"}). Almost one third of the patients in both groups were of Hispanic ethnicity. Cardiometabolic risk factors including BMI, A1C and blood pressure were lower in the normal TG group, but the differences were of limited clinical significance. HDL‐C was significantly lower in the high TG group (41 vs 50 mg/dL; *P* \< 0.001). Patients in the high TG group were more likely to have a history of MI (7.2% vs 6.4%; *P* = 0.037) and to have CKD (23.0% vs 18.1%; *P* \< 0.001).

###### 

Baseline characteristics of patients with high vs normal triglycerides

  ----------------------------------
  ![](DOM-21-366-g002.jpg "image")
  ----------------------------------

Although statistically significantly different (5.28 years in the high TG group vs 5.37 years in the low TG group; *P* \< 0.001), follow‐up time was nearly identical in the two groups (Table [2](#dom13537-tbl-0002){ref-type="table"}). The crude prevalence of non‐fatal MI was greater in the high TG group compared with the normal TG group (3.3% vs 2.5%; *P* \< 0.001), as was the prevalence of coronary revascularization (4.1% vs 3.1%; *P* \< 0.001). The crude prevalence of non‐fatal stroke (2.0% vs 2.7%; *P* = 0.468) and unstable angina (0.7% vs 0.5%; *P* = 0.124) was not statistically significantly different.

###### 

Crude prevalence of study outcomes during follow‐up

                                       TG 200--499 mg/dL   TG \< 150 mg/dL   *P* value
  ---------------------------- ------ ------------------- ----------------- -----------
  Years of follow‐up            Mean         5.28               5.37          \<0.001
  Std dev                       1.73         1.66                           
  Non‐fatal MI                   n            181                554          \<0.001
  \%                            3.3%         2.5%                           
  Non‐fatal stroke               n            162                615           0.468
  \%                            2.9%         2.7%                           
  Unstable angina                n            37                 112           0.124
  \%                            0.7%         0.5%                           
  Coronary revascularization     n            225                691          \<0.001
  \%                            4.1%         3.1%                           

As shown in Figure [1](#dom13537-fig-0001){ref-type="fig"}, the adjusted incidence rates per 1000 person‐years of all four outcomes were greater in the high vs normal TG groups, but the 95% confidence intervals for non‐fatal stroke and unstable angina slightly overlapped. The lower 95% confidence limit for non‐fatal MI in the high TG group was identical to the upper limit in the low TG group. However, the rate ratios for three of the four outcomes were statistically significantly different. The incidence rate was 30% higher in the high TG group for non‐fatal MI (rate ratio, 1.30; 95% CI, 1.08‐1.58; *P* = 0.006), was 23% higher for non‐fatal stroke (rate ratio, 1.23; 95% CI, 1.01‐1.49; *P* = 0.037) and was 21% higher for coronary revascularization (rate ratio, 1.21; 95% CI, 1.02‐1.43; *P* = 0.027). Although numerically greater, the rate ratio for unstable angina was not statistically significant (rate ratio, 1.33; 95% CI, 0.87‐2.03; *P* = 0.185). E‐values for the risk ratios were 1.92, 1.76 and 1.71 for non‐fatal MI, non‐fatal stroke and revascularization, respectively. Thus, the observed risk ratios could be explained by an unmeasured confounder that was associated with both TG group and outcome by the amount of the E‐value above and beyond the measured confounders, but weaker confounding could not do so.

![Adjusted incidence rates per 1000 person‐years (95% confidence limits) and incidence rate ratios comparing patients with high vs normal triglycerides. Models are adjusted for age, sex, smoking status, HbA1c, blood pressure, serum creatinine and history of ischaemic heart disease, RR: rare ratio. (![](DOM-21-366-g003.jpg "image")) TG 200‐499 mg/dL, and (![](DOM-21-366-g004.jpg "image")) TG \< 150 mg/dL](DOM-21-366-g001){#dom13537-fig-0001}

4. DISCUSSION {#dom13537-sec-0011}
=============

In this observational longitudinal cohort study of 27 953 patients with diabetes who were at high risk of CVD but with statin‐controlled LDL‐C, we found that TG levels in the 200‐499 mg/dL range were statistically significantly associated with CVD events over a mean follow‐up period of more than 5 years when compared with otherwise similar patients with TG levels \<150 mg/dL. Both TG groups had LDL‐C levels ranging from 40 to100 mg/dL while undergoing statin therapy, and we statistically controlled for minor differences in other cardiometabolic risk factors. Thus, our results suggest that the differences in residual CVD risk may be explained, at least in part, by the difference in TG levels even after adjustment for differences in demographic and clinical characteristics including HDL‐C. Recent publications, including observational real‐world data, have also reported increased residual CVD risk in patients with elevated and high TG levels, even after adjustment for HDL‐C levels.[13](#dom13537-bib-0013){ref-type="ref"}, [18](#dom13537-bib-0018){ref-type="ref"}

Although statins are recommended for primary CVD prevention in diabetes patients 40 years of age and older, and for secondary CVD prevention among all adults,[1](#dom13537-bib-0001){ref-type="ref"} they are prescribed in cardiology practices for only approximately 62% of patients aged 40‐75 years,[19](#dom13537-bib-0019){ref-type="ref"} among whom just over 50% maintain statin usage over an extended period of time.[20](#dom13537-bib-0020){ref-type="ref"} As a result, only 40%‐60% of diabetes patients attain LDL‐C levels \<100 mg/dL.[2](#dom13537-bib-0002){ref-type="ref"}, [20](#dom13537-bib-0020){ref-type="ref"}, [21](#dom13537-bib-0021){ref-type="ref"}, [22](#dom13537-bib-0022){ref-type="ref"} To account for CVD risk that could be attributed to the absence of statin use or LDL‐C control, we focused our analyses on patients with a current statin prescription and LDL‐C levels from 40 to100 mg/dL. Among these patients, 35.4% had TG levels greater than 150 mg/dL, similar to the nearly 40% with levels ≥150 mg/dL despite statin use according to an analysis of National Health and Nutrition Examination Survey (NHANES) data and the 40% among diabetes patients with LDL‐C \< 100 mg/dL with unspecified statin use, but somewhat lower than the 56% reported in another NHANES analysis.[2](#dom13537-bib-0002){ref-type="ref"}, [3](#dom13537-bib-0003){ref-type="ref"}, [23](#dom13537-bib-0023){ref-type="ref"} Despite the large proportion of diabetes patients with high TG levels, studies concerning the association between TGs and CVD in diabetes are scant. One Italian study of patients with diabetes undergoing lipid‐lowering therapy revealed that mean TG levels were significantly associated with all‐cause mortality, independent of other cardiometabolic risk factors.[24](#dom13537-bib-0024){ref-type="ref"} Another study involving 28 218 adults with diabetes with LDL‐C \< 100 mg/dL, conducted in a setting similar to that of ours, revealed a strong independent association between high TG and coronary heart disease (CHD) events in men that was significant among women only if HDL‐C was low.[3](#dom13537-bib-0003){ref-type="ref"} Similarly, the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial did not find a significant CVD benefit of fibrate therapy overall, but did report a possible benefit among the subgroup of diabetes patients with both high TG levels and low HDL‐C.[25](#dom13537-bib-0025){ref-type="ref"} The Strong Heart Study recently reported an association between high TG levels and CHD events that was particularly significant among patients with diabetes.[26](#dom13537-bib-0026){ref-type="ref"} Two other observational studies involving high‐risk statin‐treated patients, with and without diabetes, revealed an elevated risk of CVD events, especially non‐fatal MI, among patients with high TGs after controlling for HDL‐C and other risk factors.[12](#dom13537-bib-0012){ref-type="ref"}, [13](#dom13537-bib-0013){ref-type="ref"} Unlike any of the above studies, ours focused on statin‐treated patients with diabetes who had attained good LDL‐C control. Thus, our finding of an association between high TG levels and a substantially increased risk of CVD fills an important knowledge gap.

Three meta‐analyses have demonstrated that TG levels are independently associated with CVD in general populations.[27](#dom13537-bib-0027){ref-type="ref"}, [28](#dom13537-bib-0028){ref-type="ref"}, [29](#dom13537-bib-0029){ref-type="ref"} However, the ADA does not currently recommend treating hypertriglyceridaemia for CVD risk reduction because clinical trials of agents that lower TG, specifically fenofibrates and niacin, have failed to demonstrate a reduction in CVD outcomes.[25](#dom13537-bib-0025){ref-type="ref"}, [30](#dom13537-bib-0030){ref-type="ref"}, [31](#dom13537-bib-0031){ref-type="ref"} The Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study did not find a significant reduction in the primary outcome of non‐fatal MI or death from CHD, but did show a reduction in total CVD events, mainly because of fewer non‐fatal MIs and revascularizations.[32](#dom13537-bib-0032){ref-type="ref"} Stronger evidence is needed. In addition to the REDUCE‐IT study, the Outcomes Study to Assess Statin Residual Risk Reduction With EpaNova in High CV Risk Patients With Hypertriglyceridemia (STRENGTH) and the Pemafibrate to Reduce Cardiovascular Outcomes by Reducing Triglycerides In Patients With Diabetes (PROMINENT) studies are ongoing large CV outcomes trials involving high‐risk CVD patients, including a large percentage of patients with diabetes, undergoing statin therapy, with the results from the REDUCE‐IT study (EPA vs placebo) to be presented first in 2018.[33](#dom13537-bib-0033){ref-type="ref"}, [34](#dom13537-bib-0034){ref-type="ref"}, [35](#dom13537-bib-0035){ref-type="ref"}, [36](#dom13537-bib-0036){ref-type="ref"}

Our study has important limitations. We used observational laboratory data, from which we could not accurately determine fasting status, and which probably include a combnation of fasting and non‐fasting TG results. Fasting values may be better for diagnosing hypertriglyceridaemia,[37](#dom13537-bib-0037){ref-type="ref"} but non‐fasting values better predict CVD risk.[38](#dom13537-bib-0038){ref-type="ref"}, [39](#dom13537-bib-0039){ref-type="ref"}, [40](#dom13537-bib-0040){ref-type="ref"} Furthermore, because non‐fasting TG levels are higher than fasting TG levels,[37](#dom13537-bib-0037){ref-type="ref"}, [41](#dom13537-bib-0041){ref-type="ref"} any resulting misclassification would bias our results toward the null, suggesting that our estimates of excess CVD risk in the high TG group may be conservative. We assessed TG levels and other cardiometabolic risk factors at baseline and did not assess the impact of changes during follow‐up. Observational data cannot establish causality, but real‐world data provide important information concerning risk and associations as seen in clinical practice. Finally, although the E‐value is a relatively new tool for sensitivity analysis and may be unfamiliar to many readers, it is rapidly becoming a widely accepted method for assessing unmeasured confounding.

In conclusion, we found that, despite statin‐controlled LDL‐C levels and adjustment for HDL‐C, CV event rates were greater among diabetes patients with high compared to normal TG levels. Because we controlled for group differences, including other cardiometabolic risk factors, it is probable that the difference in TG level contributed to the excess risk observed in patients with high TG levels.
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**Figure S1** Consort diagram of inclusion and exclusion criteria.
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